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(71) We, Union Carbide Corpora- 
tion, a corporation organized and existing 
under the laws of the State of New York, 
United States of America, whose registered 

5 office is, 270 Park Avenue, New York, 
State of New York 10017, United States 
of America, (assignee of Jay Robert 
Martin), do hereby declare the invention, 
for which we pray that a patent may be 

10 granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

This invention relates to a process for 
the separation of a gas mixture containing 

15 hydrogen, carbon monoxide and methane 
to obtain product streams of substantially 
pure hydrogen and carbon monoxide. 

The prior art has commonly employed 
cryogenic processes for the separation of 

20 synthesis gas to yield hydrogen and carbon 
monoxide as recovered products. Such pro- 
cesses typically involve at least a partial 
liquification of the feed gas mixture and 
require the efficient use of vapour-liquid 

25 contacting and separation equipment for 
overall economic operation. 

When manufactured for the production 
of carbon monoxide by primary steam re- 
forming of natural gas or by partial oxida- 

30 Hon of higher hydrocarbon fossil fuels, the 
synthesis gas mixture contains residual 
methane as well as the hydrogen and carbon 
monoxide common to all synthesis gas 
streams. The cryogenic processes employed 

35 for the separation of such synthesis gas 
mixtures are designed to reject methane 
and produce carbon monoxide and hydro- 
gen at a purity consistent with the end use 
requirement. These designs are intended to 

40 minimize the carbon monoxide content of 
the rejected hydrogen and methane streams 
in order to maximize carbon monoxide 
recovery. Characteristically the gas mixture 
will contain approximately 50 to 70 mol % 

45 hydrogen, 15 to 45 mol % carbon mon- 
oxide and 2 to 6 mol % methane, together 
with minor impurities, as for example trace 
amounts of nitrogen. 
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Since essentially three primary compon- 
ents are present in the above-described syn- 
thesis gas mixture — hydrogen, carbon mon- 
oxide and methane— the prior art has 
commonly employed two serial multiple- 
plate column liquid-vapor contactors to 
carry out the synthesis gas separation. In 
one conventional process arrangement em- 
ploying such liquid-vapour contactors, the 
synthesis gas feed stream is provided at 
elevated pressure and cooled by heat ex- 
change to form a vapor-liquid mixture 
which is introduced to the first contacting 
column. In the first column, the introduced 
feed is contacted with a chilled methane 
wash liquid for absorption of the carbon 
monoxide in the methane wash liquid. 
Hydrogen is obtained from the first column 
as carbon monoxide-free overhead product 
and bottoms liquid is recovered comprising 
methane and the absorbed carbon mon- 
oxide. The recovered bottoms liquid is then 
throttled to reduced pressure and fraction- 
ated in the second contacting column. From 
the second column, carbon monoxide is re- 
covered as overhead and methane is re- 
covered as bottoms. The methane bottoms 75 
are chilled and recycled as the afore- 
mentioned methane wash liquid for the first 
contacting column. 

Although the above separation system 
entails a comparatively simple apparatus 
arrangement, the carbon monoxide product 
recovered by the process is unsatisfactory 
for use in most chemical synthesis appli- 
cations by virtue of its relatively high hydro- 
gen content Accordingly, the prior art has 
attempted to obtain improvement in purity 
of the carbon monoxide product by removal 
of the hydrogen contaminant upstream of 
the second contacting column. In one such 
improvement scheme, the synthesis gas is 
cooled by heat exchange, as before, and 
introduced as a vapor to the first contacting 
column. The bottoms liquid from the first 
contacting column is throttled to lower 
pressure and passed to a flash drum for 
vapor-liquid separation. In the flash drum 
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an equilibrium vapor-liquid separation is 
achieved to reject the bulk of the hydrogen 
which v/ould otherwise be contained in the 
feed to the second contacting column. The 
5 liquid from the flash drum thus freed from 
the hydrogen contaminant is then throttled 
to still lower pressure prior to its introduc- 
tion to the second contacting column. 
By the above-described improvement 

10 modifications, a carbon monoxide overhead 
product from the second contacting column 
can be obtained with hydrogen contaminant 
concentrations of less than 5000 parts per 
million (p.p.m.). Nonetheless the product re- 

15 covery attainable in such modified systems 
is extremely sensitive to product purity. 
As a result high losses are encountered in 
the provision of product carbon monoxide 
containing hydrogen contaminant at con- 

20 centration levels of less than 5000 p.p.m. 
Such losses occur by flash-off of carbon 
monoxide with the hydrogen in the equi- 
librium flash drum and consequent removal 
of the flashed carbon monoxide with the 

25 hydrogen withdrawn from the drum. 
Inasmuch as end use specifications for the 
carbon monoxide product in many appli- 
cations, as for example for acrylic and poly- 
urethane resin production, require a hydro- 

30 gen content of less than about 3000 p.p.m., 
it has been necessary to operate the prior 
art process with comparatively low recovery 
levels, with a maximum recovery of about 
90%, as based on the content of carbon 

35 monoxide in the synthesis gas feed mixture, 
to meet such end use carbon monoxide 
product specifications. 

In the prior art, the refrigeration content 
of the reduced pressure, low temperature 

40 product streams has been utilized to cool 
the synthesis gas feed mixture prior to its 
introduction to the absorber column. None- 
theless, heat pumping is generally required 
to provide reflux for the second contacting 

45 column and to cool the feed gas mixture 
and the methane wash liquid for the first 
contacting column. Under such conditions, 
the minimum pressure at which the final 
contacting column can be economically 

50 operated is about 20 psia. Such minimum 
pressure constraint is imposed by the re- 
quirement of providing sufficient pressure to 
overcome the flow resistance associated with 
the product transfer lines. Since the process 

55 involves two substantial reductions in main 
stream pressure in the aforementioned 
throttling steps, considerable compression 
energy must be expended in initial pres- 
surization of the synthesis gas feed r mixture 

60 for the process. 

By practice of the present invention there 
may be provided one or more of the follow- 
ing:— 

(i) an improved process for the separa- 
65 tion of a synthesis gas mixture containing 


hydrogen, carbon monoxide and methane to 
provide a high purity (carbon monoxide- 
free) hydrogen product and a high purity 
(hydrogen-free) carbon monoxide product. 

(ii) an improved process of the above 70 
type wherein high recovery of carbon mon- 
oxide is achieved. 

(iii) an improved process of the above 
type characterized by low process energy 
requirements. 75 

This invention relates to a process for 
the separation of a feed gas mixture con- 
taining hydrogen, carbon monoxide and 
methane. 

In the process of the invention, the feed 80 
gas mixture containing hydrogen, carbon 
monoxide and methane is cooled and 
countercurrently contacted with a methane 
wash liquid in a first absorption zone com- 
prising a multiplicity of liquid-vapour con- 85 
tacting stages, to recover hydrogen gas as 
overhead and a bottoms liquid comprising 
methane, carbon monoxide and residual 
hydrogen. The bottoms liquid from the first 
absorption zone is throttled to lower pres- 90 
sure, and countercurrently contacted with 
hydrogen rich vapor in a second absorption 
zone comprising a multiplicity of liquid- 
vapour contacting stages for absorption of 
carbon monoxide from the hydrogen rich 95 
vapor by the throttled bottoms liquid there- 
in to recover residual hydrogen gas as over- 
head and a bottoms liquid enriched in carbon 
monoxide. The second absorption zone 
bottoms liquid is warmed to vaporize a 100 
gaseous fraction therefrom containing hydro- 
gen and carbon monoxide, as the hydrogen 
rich vapor for the second absorption zone. 
The warmed bottoms liquid recovered from 
the second absorption zone is fractionated in 105 
a fractionation zone to recover overhead gas 
comprising carbon monoxide and a bottoms 
liquid comprising methane. At least part 
of the bottoms liquid recovered from the 
fractionation zone is recirculated to the first 110 
absorption zone as the machine wash liquid 
therefor. 

In a preferred embodiment of this inven- 
tion, the warming of second absorption zone 
bottoms liquid is performed externally of the 115 
absorption zone, with separation of the 
resulting vaporized gaseous fraction from 
the warmed bottoms liquid and passage of 
the former to the second absorption zone 
as the hydrogen rich vapor therefor. In this 120 
embodiment the warming is preferably con- 
ducted by countercurrent heat exchange so 
as to maintain a temperature gradient in the 
fluid being warmed from the initial part of 
the warming to the final part thereof. Alter- 125 
natively, the warming of the second absorp- 
tion zone bottoms liquid may be carried out 
internally in the zone by indirect heat ex- 
change with an intra-process stream, such 
as the feed gas mixture. This heat exchange 130 
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may be carried out for example, by flow of 
the process stream heating fluid through an 
internally disposed reboil heating coil posi- 
tioned in the lower section of the second 
5 absorption zone. 

In another preferred embodiment under 
the above process, the carbon monoxide 
overhead gas recovered from the fractiona- 
with fractionation zone overhead to pro- 

10 for the process. The overhead gas recovered 
from the fractionation zone is divided into 
two portions comprising a first portion and 
a second portion. The second portion is 
heat exchanged for warming thereof with 

15 the feed gas mixture as at least part of the 
aforementioned cooling of the latter. This 
heat exchanged overhead gas second por- 
tion is compressed to higher pressure and a 
part thereof is withdrawn as carbon mon- 

20 oxide product gas. The remaining part of 
the compressed overhead gas portion is 
cooled and divided into a minor portion for 
isentropic expansion and a major heat 
pumping fluid portion. The minor portion is 

25 isentropically expanded and joined with the 
first portion of the overhead gas recovered 
from the fractionation zone to form a re- 
cycle minor part gas. The recycle minor part 
gas is warmed and joined with the heat ex- 

30 changed overhead gas second portion for 
compression therewith. The major heat 
pumping fluid portion is divided into two 
parts. One part is cooled for condensation 
thereof to form cooled liquid by heat ex- 

35 change with fractionation zone bottoms 
liquid for vaporization of the latter to pro- 
vide reboil vapor for the fractionation zone. 
The cooled liquid one part is then sub- 
cooled by heat exchange with the recycle 

40 minor part gas for the aforementioned 
wanning of the latter. The other part of the 
major heat pumping fluid portion is throttled 
to lower pressure and the sub-cooled liquid 
one part is joined with the throttled other 

45 part to form a heat pumping gas-liquid 
mixture. The heat pumping gas-liquid mix- 
ture is throttled to lower pressure and 
warmed to form a first gaseous fraction and 
a first liquid fraction therefrom by heat 

50 exchange with a portion of the bottoms 
liquid recovered from the fractionation zone 
being recirculated to the first absorption 
zone as the methane wash liquid therefor. 
In this heat exchange, the fractionation 

55 zone bottoms liquid portion is subcooled. 
The first gaseous fraction of the heat pump- 
ing gas-liquid mixture is separated from the 
first liquid fraction thereof. The separated 
first liquid fraction of the heat pumping gas- 

60 liquid mixture is then throttled to still lower 
pressure and warmed to form a second 
gaseous fraction and a second liquid fraction 
therefrom. This warming is effected by heat 
exchange with the feed gas mixture as at 

£5 least part of the aforementioned cooling 


thereof. The second gaseous fraction of the 
heat pumping gas-liquid mixture first liquid 
fraction is separated from the second liquid 
fraction thereof and the latter is then heat 
exchanged with fractionation zone overhead 70 
to provide reflux cooling for the fractiona- 
tion zone. The second gaseous fraction and 
the first gaseous fraction are joined with the 
recycle minor part gas. 

As used herein, the term "recover" or 75 
"recovered" will be understood to relate to 
an overhead or bottoms fluid which is with- 
drawn from a given separation zone sub- 
sequent to any respective reflux condensing 
or reboil vaporizing operations associated 80 
therewith. The terms "gas" and "gaseous" 
will be understood to refer to both gases 
and vapors. 

As described above, the vaporization 
warming of the second absorption zone 85 
bottoms liquid in a preferred embodiment 
of this invention is conducted by counter- 
current heat exchange so as to maintain 
a temperature gradient in the fluid being 
warmed from the initial part of the warming 90 
to the final part thereof. This is intended to 
mean that the bottoms liquid and resulting 
formed vapor are passed along a flow path, 
as through a passage of a heat exchanger, and 
that heat is transferred to the liquid /vapor 95 
fluid along the flow path so as to progres- 
sively partially vaporize the liquid to form 
vapor. Thus at the terminal part of the flow 
path, the two- phase fluid comprising liquid 
and vapor will be at a higher temperature 100 
than the bottoms liquid introduced at the 
inlet part of the flow path and a temperature 
gradient will exist along the flow path, from 
the inlet part of the flow path, correspond- 
ing to the initial part of the warming, to 105 
the terminal part of the flow path, corre- 
sponding to the final part of the warming. 
Such vaporization warming by counter- 
current heat exchange relative to vaporiza- 
tion warming by an internally disposed re- HO 
boiling coil, permits substantially higher 
recovery of the refrigeration content of the 
second absorption zone bottoms liquid to be 
achieved. This improvement is due to the 
fact that the fluid giving up heat to the 
bottoms liquid can be cooled to a tempera- 
ture which is substantially less than the tem- 
perature of the fully warmed second absorp- 
tion zone bottoms liquid, at the final part 
of the warming step. In other words, such 120 
vaporization warming heat exchange permits 
cooling of the fluid giving up heat to the 
second absorption zone bottoms liquid to a 
close temperature approach to the tem- 
perature of the bottoms liquid withdrawn 125 
from the second absorption zone, at the 
initial part of the warming step. 

In the foregoing description of the pro- 
cess of the present invention, it will be 
understood that the initial cooling of the 1 30 
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feed gas mixture is intended to be broadly 
construed to include internal cooling of the 
feed gas mixture in the absorption zone, as 
for example by intercooling between the tray 
5 or plate members of an absorber column, as 
well as feed gas cooling which is performed 
external to the absorption zone. It will also 
be understood that the step of heat exchange 
with fractionation bone overhead to pro- 

10 vide reflux cooling for the fractionation zone, 
as referred to earlier herein, is intended to 
be broadly construed to include heat ex- 
changes such as involve passage of a cool- 
ing fluid in indirect heat exchange relation- 

15 ship with fractionation zone overhead, as 
for example by flow of the cooling fluid 
and overhead streams through adjacent 
passages in a heat exchanger or by flow of 
the cooling fluid through a reflux condensing 

20 coil disposed internally in the fractionation 
zone, as well as to include reflux cooling 
heat exchange involving direct introduction 
of cooling fluid to the fractionation zone as 
reflux liquid. 

25 The present invention is based on the 
discovery that a second absorption zone may 
be interposed between absorption and frac- 
tionation zones, in a process for separating 
a feed gas mixture containing hydrogen, 

30 carbon monoxide and methane, and utilized 
to remove residual hydrogen from the 
bottoms liquid recovered from the first 
absorption zone, to achieve a substantial 
and unexpected improvement in recovery of 

35 high purity (i.e., less than 20,000 p.p.m. 
hydrogen contamiant) carbon monoxide 
relative to the processes heretofore used 
for such separation. Although the prior art 
*. has employed equilibrium flash separation 

40 steps between the absorption and fractiona- 
tion zones for the same purpose — i.e., to 
remove residual hydrogen from the bottoms 
liquid recovered from the absorption zone — 
it has been found that absorption contact- 

45 ing of the recovered first absorption zone 
bottoms liquid with hydrogen rich vapor 
obtained by vaporization of the second 
absorption zone bottoms liquid in accord- 
ance with the process of this invention, 

50 results in a significantly smaller loss of 
carbon monoxide in the residual hydrogen 
gas recovered in the intermediate step. 
Accordingly, whereas the prior art utilizing 
equilibrium flash separation is able to realize 

55 a maximum carbon monoxide recovery of 
for example only about 89% to produce a 
carbon monoxide product containing 3000 
p.p.m. hydrogen contaminant at a fractiona- 
tion zone operating pressure of about 20 

60 psia, the process of the present invention 
under the same conditions of product carbon 
monoxide purity and fractionation zone 
operating pressure is able to achieve carbon 
monoxide recovery levels on the order of 

65 97%. As used herein, the term carbon mon- 


oxide recovery is based on the amount of 
carbon monoxide in the feed gas mixture 
introduced to the process which is obtained 
in the overhead gas recovered from the frac- 
tionation zone. 70 

The relatively low recovery of product 
carbon monoxide in the prior art systems 
utilizing equilibrium flash separation is a 
consequence of the high concentration of 
carbon monoxide in the vapor from the 75 
flash separation step. In view of such de- 
ficiency of the equilibrium flash separation 
system, one of grdinary skill might logically 
conclude that product carbon monoxide re- 
covery for the process could be substantially 80 
improved by replacement of the equilibrium 
flash separation equipment with a multiple 
stage enriching zone wherein overhead vapor 
is at least partially condensed, inasmuch as 
carbon monoxide, being the least volatile 85 
component of the vapor, would thereby be 
minimized in the overhead gas recovered 
from this intermediate step. Surprisingly, 
however, it has been found that product 
carbon monoxide recovery can be materially 90 
improved by utilizing a multiple stage zone 
in the intermediate step which does not 
employ such overhead vapor condensing 
feature. Thus, under this invention, the use 
of a second absorption zone in the inter- 95 
mediate process step, wherein the bottoms 
liquid recovered from the first absorption 
zone is countercurrently contacted with 
hydrogen rich vapor, has unexpectedly been 
found to yield a rejected hydrogen overhead 100 
gas which contains substantially less carbon 
monoxide than the vapor from the prior 
art equilibrium flash separator, thereby per- 
mitting correspondingly greater recovery of 
carbon monoxide as product to be achieved. 105 
Such increase in carbon monoxide recovery 
in turn significantly enhances the economy 
of the separation process of this invention 
relative to the processes of the prior art. 

Although the implementation of a second HO 
absorption zone and second absorption zone 
bottoms liquid warming step in the gas 
separation process under the present inven- 
tion, in addition to the conventional (first) 
absorption and fractionation zone com- 115 
ponents, involves an additional heat input 
for the second absorption zone bottoms 
liquid vaporization warming step, it has 
been discovered that such heat can con- 
veniently be supplied by heat exchange in- 120 
volving an appropriate intra-process stream. 
As used in this context, the term intra- 
process stream includes streams derived in 
the process from the feed gas mixture, as 
for example the bottoms liquid recovered 125 
from the fractionation zone, as well as the 
feed gas mixture itself and also includes 
externally supplied heat pumping fluid 
which is circulated in a closed loop heat 
pumping circuit in the process system. By 130 
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means of such infra-process heat exchange, 
it is possible to minimize the energy input 
required for process heat pumping. 
In accordance with the foregoing, the 
5 absorption zones in the process of this 
invention each comprise a multiplicity of 
liquid-vapor contacting stages serially joined 
in liquid and vapor flow communication with 
one another, to allow descending liquid to 

10 be sequentially contacted with ascending 
vapor for heat and mass exchange there- 
with as the liquid and vapor phases pass 
through the absorption zone. In practice, the 
number of such contacting stages is deter- 

15 mined by calculation of the number of 
theoretical equilibrium stages, i.e., stages 
wherein the phases leaving the stage are in 
thermodynamic equilibrium, and conversion 
of the number of theoretical equilibrium 

20 stages to an actual number of stages, as 
based on stage efficiencies of the actual 
stages. Such calculational procedure is 
generally applied to the design of heat and 
mass transfer operations and is well-known 

25 to those skilled in the art In the present 
invention, the second absorption zone com- 
prises at least two theoretical equilibrium 
stages and preferably between two and five 
theoretical equilibrium stages. In actual prac- 

30 tice, the first and second absorption zones 
may suitably be provided as a multi-tray 
or packed columns of conventional type. 

The fractionation zone in the present 
invention may also be provided as a multi- 

35 tray or packed column of conventional 
type, together with associated apparatus for 
providing reboil vapor and reflux liquid to 
the column. The fractionation zone differs 
from the absorption zone in the present 

40 invention in that reflux liquid is provided 
to the fractionation zone in the upper sec- 
tion thereof by heat pumping between the 
reboiler and the upper section whereas no 
such heat pumping step is associated with 

45 the absorption zones. 

The present invention will now be further 
described by reference to the accompanying 
drawings, in which: — 

Fig. 1 is a schematic flowsheet of a 

50 separation process according to one embodi- 
ment of the invention, in which carbon 
monoxide overhead gas recovered from the 
farctionation zone is employed as heat 
pumping fluid for the process. 

55 Fig. 2 is a schematic flowsheet of another 
embodiment of the invention in which ex- 
ternally supplied heat pumping fluid is cir- 
culated in a closed-loop heat pumping circuit 
to provide heat pumping for the process. 

60 Fig. 3 is a schematic flowsheet of a cool- 
ing complex for partial cooling of the feed 
gas mixture in the Fig. 2 process. 

Fig. 4 is a schematic flowsheet of still 
another embodiment of the invention where- 

65 in the feed gas mixture is supplied at high 


pressure and work expanded for partial 
cooling thereof. 

Fig. 5 is a graph of hydrogen contamin- 
ant concentration in the carbon monoxide 
product plotted against pressure in the resi- 70 
dual hydrogen removal zone interposed 
between the absorption and fractionation 
zones, for a prior art process employing an 
equilibrium flash separation as the interposed 
zone and for a process according to the 75 
present invention. 

Fig. 6 is a graph of carbon monoxide 
product recovery plotted against hydrogen 
contaminant concentration in the carbon 
monoxide product, for a prior art process 80 
employing an equilibrium flash separation 
zone interposed between the absorption and 
fractionation zones and for a process ac- 
cording to the present invention. 

Referring now to the drawings, Fig. 1 is 85 
a schematic flowsheet of one embodiment 
of the present invention. The following des- 
cription of the Fig. 1 process will be based 
on a feed gas mixture introduced at a flow 
rate of 2235 lb. moles/ hr. into the process 90 
system in line 10 at a pressure of 210 psia 
and a temperature of 283°K (10°Q, having 
the following molar composition: hydro- 
gen = 79.8%, nitrogen = 0.2%, carbon 
monoxide = 15.8% and methane = 4.2%. 95 

In the process of the present invention, 
the feed gas may suitably have a pressure 
of at least 100 psia in order to provide 
sufficient pressure to accommodate the sub- 
sequent process throttling steps while main- 100 
taining pressure levels of at least 20 psia 
and at least 15 psia in the second absorption 
and fractionation zones, respectively. A pres- 
sure level of at least 20 psia in the second 
absorption zone and bottoms liquid partial 105 
vaporization step is desired to minimize the 
presence of carbon monoxide contaminant 
in the residual hydrogen gas recovered as 
overhead from the second absorption zone, 
while a pressure level of at least 15 psia is HO 
desired in the fractionation zone to over- 
come the pressure drop associated with the 
product transfer fines joined thereto and to 
insure efficient separation between the carbon 
monoxide and methane components therein. H5 

The feed gas mixture entering in line 10 
is partially cooled in heat exchanger 11 by 
heat exchange with other process streams 
flowed therethrough and is discharged into 
line 12. The partially cooled feed gas mix- 120 
ture is then further partially cooled to 
87.6°K in heat exchanger 13 by the process 
heat pumping fluid to provide cooled feed 
gas mixture which is introduced in line 14 
to the lower section of the first absorption 125 
zone 15, which may suitably comprise a 
multi-tray column of conventional design. 

Tn the first absorption zone 15, the cooled 
feed gas mixture is countercurrently con- 
tacted with a methane wash liquid intro- 130 
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duced to the upper section of the absorption 
zone in line 85, to recover hydrogen gas as 
overhead in line 48 and bottoms liquid com- 
prising methane, carbon monoxide and resi- 
5 dual hydrogen in line 16. The overhead 
hydrogen gas is withdrawn from the absorp- 
tion zone in line 48 at a flow rate of 1780 lb. 
moles/ hr., a pressure of 210 psia, and a 
temperature of 92.5 °K, containing 98.6 mol 

10 % hydrogen, 1.4 mol % methane, 434 p.p.m. 
nitrogen and 7.0 p.p.m. carbon monoxide. 
From line 48 the recovered overhead hydro- 
gen gas is flowed through the heat exchanger 
11 for partial warming thereof by heat ex- 

15 change with the feed gas mixture from line 
10, as part of the aforementionad partial 
cooling of the latter. The partially wanned 
overhead hydrogen gas is discharged from 
heat exchanger 11 in line 49 and passed to 

20 heat exchanger 50 for further warming 
therein to about ambient temperature and 
subsequent removal from the process as 
warm hydrogen gas in line 51. 
The bottoms liquid is recovered from the 

25 first absorption zone in line 16 at a flow 
rate of 2574 lb. moles /hr. and temperature 
of 97.7°K, containing 85.0 mol % methane, 
13.7 mol % carbon monoxide, 1.1 mol % 
hydrogen and 0.2 mol % nitrogen. This 

30 bottoms liquid is throttled in throttle valve 
17 to a pressure of 42 psia and introduced 
to the upper section of second absorption 
zone 19. 

In the second absorption zone, the 

35 throttled first absorption zone bottoms liquid 
is countercurrently contacted with hydrogen 
rich vapor at a liquid to vapor molar flow 
ration of at least 10, as for example 20, for 
absorption of carbon . monoxide from the 

40 hydrogen rich vapor by the throttled bottoms 
liquid therein to recover residual hydrogen 
gas as overhead and bottoms liquid enriched 
in carbon monoxide. The liquid collecting 
in the bottom section 20 of the stripping 

45 zone is withdrawn therefrom in line 21 for 
recovery of bottoms liquid and is partially 
vaporized in heat exchanger 22, with the 
heat exchange thus being conducted so 
as to maintain a temperature gradient in the 

50 warming fluid across the heat exchanger 
22. The partially vaporized liquid from heat 
exchanger 22 is passed to vapor-liquid phase 
separator 23, from which the separated 
gaseous fraction is recirculated to the second 

55 absorption zone in line 24 as the hydrogen 
rich vapor therefor. The residual hydrogen 
gas obtained from the second absorption zone 
is withdrawn in line 88 as recovered overhead 
at a flow rate of 44.3 lb. moles/hr., a pres- 

60 S ure of 42 psia, a temperature of 97.7°K 
and a molar composition of 60.7% hydro- 
gen, 30.7% carbon monoxide and 8.6% 
methane. This recovered overhead gas is 
conveyed in line 88 to heat exchanger 11, 

65 wherein the overhead gas is warmed by heat 


exchange with the feed gas mixture, as part 
of the partial cooling of the feed gas mixture 
therein. After warming the overhead gas 
recovered from the second absorption zone 
is discharged from the process in line 89 70 
and may for example be used as a fuel gas 
having a moderately high BTU heating 
valve. 

The warmed bottoms liquid separated in 
phase separator 23 is withdrawn therefrom 75 
in line 25 as second absorption zone re- 
covered bottoms liquid at a flow rate of 
2530 lb. moles/hr., a temperature of 104°K 
and a molar composition of 86.4% methane, 
13.4% carbon monoxide, 0.2% nitrogen and 80 
257 p.p.m. hydrogen. This recovered 
bottoms liquid is flowed through line 25, 
throttled in throttle valve 26 to a pressure 
of 21 psia, and introduced at an inter- 
mediate point to fractionation zone 27. 85 

In the fractionation zone 27, the bottoms 
liquid recovered from the second absorption 
zone is fractionated to recover overhead 
gas in line 32 and bottoms liquid in line 28. 
The overhead gas is withdrawn from the 90 
fractionation zone in line 32 at a flow rate 
of 701 lb. moles/hr., a pressure of 21 psia, 
a temperature of 85.2 °K and a molar com- 
position of 98.5% carbon monoxide, 1.1% 
nitrogen, 0.3% methane and 928 p.p.m. 95 
hydrogen. Bottoms liquid is withdrawn from 
the fractionation zone in line 28 at a flow 
rate of 2185 lb. moles/hr., a pressure of 23 
psia. a temperature of 85.2°K and a com- 
position of substantially pure methane, con- 100 
taining only 15 p.p.m. carbon monoxide. 

Reflux for the fractionation zone is pro- 
vided by direct introduction of carbon mon- 
oxide liquid to the top of the fractionation 
zone from line 34. Reboil vapor for the frac- 105 
donation zone is provided by partial vapori- 
zation of the collected bottoms liquid in the 
lower end 37 thereof, by heat exchange with 
the process heat pumping fluid flowed 
through reboil coil 90 from line 38. The HO 
reflux and reboil operations associated with 
the fractionation zone will be more fully 
discussed hereinbclow in connection with the 
description of the heat pumping circuit for 
this embodiment of the invention. 115 

The bottoms liquid recovered from the 
fractionation zone in line 28 is passed to 
heat exchanger 22 and heat exchanged 
therein with the bottoms liquid withdrawn 
from the second absorption zone being 120 
flowed therethrough from line 21, for the 
above-described partial vaporization of the 
latter and cooling of the fractionation zone 
bottoms liquid. The so-called fractionation 
zone bottoms liquid is discharged from heat 125 
exchanger 22 in line 29, pumped to higher 
pressure in pump 30 and split, with a por- 
tion thereof being subcooled in heat ex- 
changer 76, as described more fully herein- 
after. The subcooled portion is discharged 130 
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from heat exchanger 76 into line 31. From 
line 31 the subcooled liquid stream is passed 
to the absorption zone 15 in line 85 as 
recirculated methane wash liquid therefor. 
5 The remaining portion of the cooled pumped 
fractionation zone bottoms liquid is passed 
in line 86 to heat exchanger 11. In heat 
exchanger 11, the remaining portion is 
warmed and vaporized to form product 
10 methane gas by heat exchange with the feed 
gas mixture flowing through heat exchanger 
11 from line 10, as part of the cooling of the 
feed gas^mixture. Warm product methane 
gas is discharged from the process in line 87. 
15 In the Fig. 1 embodiment of the invention, 
carbon monoxide overhead gas recovered 
from the fractionation zone is employed as 
heat pumping fluid for the process. The 
overhead gas recovered from the fractiona- 
20 tion zone in line 32 is divided into two 
portions comprising a first portion and a 
second portion. The second portion is flowed 
in line 52 to heat exchanger 11 in which it 
is warmed by heat exchange with the feed 
25 gas mixture as part of the aforementioned 
cooling of the latter. The heat exchanged 
second portion is discharged into line 53 
and joined with warmed recycle minor part 
gas from line 54 and the combined gas 
30 stream flows in line 55 to compressor 56. 
The combined gas stream is compressed to 
higher pressure in compressor 56 and dis- 
charged to lino 58. In line 58, the com- 
pressed gas is cooled by water chiller 57. 
35 A portion of the compressed and chilled gas 
is withdrawn in line 59 as carbon monoxide 
product gas, at a flow rate of 34 lb. mole/ 
hr., a pressure of 120 psia, a temperature 
of 312°K and a molar composition of 98.3% 
40 carbon monoxide, 1.4% nitrogen, 0.1% 
methane and 1900 p.p.m. hydrogen. The 
remaining part of the compressed and chilled 
gas is diverted into line 60 and is partially 
cooled in heat exchanger 50 by heat ex- 
45 change with the product hydrogen gas flow- 
ing therethrough. From heat exchanger 50 
the remaining part of the compressed and 
chilled gas is flowed through line 61 and 
additionally cooled in heat exchanger 62 by 
50 heat exchange with the recycle minor part 
gas flowed therethrough from line 70 for 
warming of the latter. The additionally 
cooled gas is discharged from heat ex- 
changer 62 into line 63 from which it is 
55 divided into a minor portion for isentropic 
expansion, which is passed into line 64, and 
a major heat pumping fluid portion, which 
is passed into line 40. The minor portion 
gas is isentropically expanded in expansion 
60 engine 65, which may suitably comprise an 
expansion turbine, and the expanded minor 
portion gas is joined with the first portion 
of the overhead gas recovered from the 
fractionation zone from line 67 to form the 
65 aforementioned recycle minor part gas in 


line 68. The recycle minor part gas is par- 
tially warmed in heat exchanger 69, passed 
in line 70 to heat exchanger 62 for further 
v/arming therein by heat exchange with the 
compressed and chilled remaining part gas 70 
and finally discharged into line 54. From 
line 54 the warmed recycle minor part gas 
is joined with the heat exchanged overhead 
gas second portion from line 53 for com- 
pression therewith in compressor 56. 75 

The major heat pumping fluid portion in 
line 40 is divided into two parts. One part 
is passed by line 38 to fractionation zone 
reboil coil 90, wherein the one part is cooled 
for condensation thereof to form cooled 80 
liquid by heat exchange with fractionation 
zone bottoms liquid for vaporization of the 
latter to provide reboil vapor for the frac- 
tionation zone. The cooled liquid one part is 
then passed from reboil coil 90 through line 85 
39 to heat exchanger 72 wherein the cooled 
liquid one part is subcooled by heat ex- 
change with the recycle minor part gas enter- 
ing from line 68 for the aforementioned 
warming of the latter. The other part of 90 
the major heat pumping fluid portion is 
diverted in line 41 and is throttled by throttle 
valve 42 therein to low pressure. The sub- 
cooled liquid one part withdrawn from heat 
exchanger 72 in line 73 is then joined with 95 
the throttled other part from line 41 to 
form a heat pumping gas-liquid mixture in 
line 74. The heat pumping gas-liquid mix- 
ture is throttled by throttle valve 75 to 
lower pressure and warmed in heat ex- 100 
changer 76 to form a first gaseous fraction 
and a first liquid fraction therefrom by heat 
exchange with the recirculation portion of 
bottoms liquid recovered from the frac- 
tionation zone entering heat exchanger 76 105 
in line 29. In this heat exchange, the frac- 
tionation zone bottoms liquid recirculation 
portion is subcooled, as discussed earlier 
herein. 

The first gaseous fraction of the heat HO 
umping gas-liquid mixture is separated in 
eat exchanger 76 from the first liquid frac- 
tion, with the first gaseous fraction being 
withdrawn therefrom in line 77 and the first 
liquid fraction being withdrawn therefrom 115 
in line 78. The separated first liquid fraction 
of the heat pumping gas-liquid mixture is 
then throttled by throttling valve 79 in line 
78 to still lower pressure and warmed in 
heat exchanger 13 to form a second gaseous 120 
fraction and a second liquid fraction there- 
from. This warming is effected in heat ex- 
changer 13 by heat exchange with the feed 
gas mixture entering in line 12 as the final 
part of the aforementioned cooling thereof. 125 
The second gaseous fraction of the heat 
pumping gas-liquid mixture first liquid frac- 
tion is separated in heat exchanger 13 from 
the second liquid fraction thereof, with the 
second gaseous fraction being withdrawn 130 


8 


1,579,553 


8 


in line 71 and the second liquid fraction 
being withdrawn therefrom in line 34. The 
second liquid fraction is then flowed though 
line 34, throttled by throttling valve 35 
5 therein and introduced directly to the upper 
end 33 of fractionation zone 27 as reflux 
liquid therefor. In this manner the second 
liquid fraction is heat exchanged with frac- 
tionation zone overhead to provide reflux 
10 cooling for the fractionation zone. The 
second gaseous fraction in line 71 and the 
first gaseous fraction from line 77 are then 
joined with the recycle minor part gas in 
line 68. 

15 The process shown in Fig. 1 is provided 
with separate control systems associated 
with the first absorption and fractionation 
zones to adjust the process facility to a turn 
down condition in which the flow rate of 

20 feed gas mixture to the process has been 
reduced. The control system associated with 
the first absorption zone includes flow rate 
sensor 80 which senses the flow rate of the 
feed gas mixture introduced to the first 

25 absorption zone in line 12. The flow rate 
sensing by element 80 is converted into a 
transmittable signal which is transmitted by 
signal line 81 to controller 82 which in turn 
is coupled via control signal transmission 

30 line 83 to a suitable valve actuator, which 
may for example be of conventional elec- 
trical or electropneumatic type, for the flow 
control valve 84 in methane wash liquid 
recirculation line 85. In operation the flow 

35 rate of the methane wash liquid recirculated 
to the absorption zone is adjusted by means 
of the control signal to maintain a predeter- 
mined ratio of the flow rate of the re- 
circulated methane wash liquid to the flow 

40 rate of the feed gas mixture introduced to 
the first absorption zone. In this manner the 
adjustment in flow rates of the streams intro- 
duced to the first absorption zone is deflected 
in the second absorption zone where reduced 

45 amounts of throttled bottoms liquid from 
the first absorption zone and hydrogen rich 
vapor are introduced. 

In the fractionation zone control system, 
temperature of the fractionation zone at a 

50 point in its lower section is sensed by 
thermal probe 43 which relays the tempera- 
ture sensing to controller 44. The controller 
in turn converts the temperature sensing 
into a transmittable signal which is trans- 

55 mitted by signal line 46 to valve actuator 47. 
Valve actuator 47 then opens or closes valve 
42 in line 41 to a greater or lesser extent 
for adjustment of the fraction of the major 
heat pumping fluid portion which is divided 

60 as the other part thereof by means of the 
transmittable signal to maintain a predeter- 
mined temperature in the fractionation zone 
lower section. The flow control valve 42 
adjusts to provide an increased bypass rate 

65 as signalled by temperature controller 44, 


thereby reducing the boil-up in the fractiona- 
tion zone in response to reduced feed gas 
mixture flow rate conditions and maintain- 
ing a proper fractionation zone bottoms 
temperature. 70 

Fig. 2 represents another embodiment of 
the invention in which externally supplied 
heat pumping fluid is recirculated in a closed 
loop heat pumping circuit to provide heat 
pumping for the process. This embodiment 75 
avoids the extended circulation of carbon 
monoxide overhead gas recovered from the 
fractionatioivzone as process heat pumping 
fluid, as in the Fig. 1 system, which may be 
desirable in some instances due to the toxic 80 
character of carbon monoxide. The Fig. 2 
flowsheet has been numbered correspond- 
ingly with respect to Fig. 1, by addition of 
100 to the Fig. 1 reference numerals for the 
corresponding system elements in the Fig. 2 85 
system. 

The Fig. 2 process system differs from the 
process shown in Fig. 1 in that the feed gas 
mixture entering in line 110 is first cooled 
in the reboiler coil 122 disposed in the lower 90 
section of second absorption zone 119 and 
then passed by lines 110a and 110b to first 
heat exchanger 111. In this arrangement the 
cooled feed gas withdrawn from the second 
heat exchanger 113 in line 114 is further 95 
cooled in the cooling complex 191 to yield 
a further cooled feed gas mixture which is 
passed to the first absorption zone in line 
192, a recycle part of the feed gas mixture 
which is recirculated in line 199 to the feed 100 
gas mixture introduction line 110 upstream 
of first heat exchanger 111 and a substan- 
tially pure carbon monoxide stream which is 
passed to the. fractionation zone 127 in 
line 193. The' cooling complex 191 will be 105 
described in greater detail hereinbelow. Thus, 
in the arrangement of Fig. 2, the fractiona- 
tion zone bottoms liquid recovered in line 
128 flows directly to pump 130. In this 
manner, the feed gas mixture is employed HO 
as the source of heat for vaporization warm- 
ing of the second absorption zone bottoms 
liquid. In like manner, the heat energy 
associated with the feed gas mixture can 
alternatively be directed to supplying boil- 115 
up in the fractionation zone. In either case, 
the refrigeration load of the overall process 
is unaffected since the process heat require- 
ment has been provided by heat exchange 
with intra-process streams. 120 

Referring to the refrigeration circuit for 
the Fig. 2 embodiment, the externally sup- 
plied heat pumping fluid flowing as gas in 
line 155 is compressed in compressor 156 
and discharged to line 158 wherein the com- 125 
pressed heat pumping fluid is chilled in 
water chiller 157. The compressed and 
chilled heat pumping fluid is partially cooled 
in heat exchanger 150 by heat exchange 
with hydrogen product gas flowed there- 130 
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through from line 149 for final warming 
of the latter. Partially cooled refrigerant 
fluid is discharged from heat exchanger 
150 to line 161, additionally cooled in heat 
5 exchanger 162 and discharged into line 163 
as cooled and compressed heat pumping 
fluid. From line 163, the heat pumping fluid 
is divided into a minor portion for isentropic 
expansion in line 164 and a maior heat 

10 pumping fluid portion in line 140. The heat 
pumping fluid minor portion is isentropically 
expanded in expansion engine 165 and dis- 
charged into line 168. The discharged »fluid 
in line 168 is joined with the recirculated 

15 regasified refrigerant fluid from line 171, 
warmed in heat exchanger 169, discharged 
into line 170, further wanned in heat ex- 
changer 162, and passed in line 155 to the 
compressor 156 as the process refrigerant. 

20 The major heat pumping fluid portion in 
line 140 is divided into two parts compris- 
ing one part in line 138 and the other part 
in line 141. The one part in line 138 is 
cooled for condensation thereof to form 

25 cooled liquid in reboil coil 190 by heat 
exchange with fractionation zone bottoms 
liquid in the lower end 1 37 of frac- 
tionation zone 127 for vaporization 
of the bottoms liquid to provide reboil 

30 vapor for the fractionation zone. The cooled 
liquid is discharged from reboil coil 190 
to line 139 and passed therein to heat ex- 
changer 172 wherein the cooled liquid one 
part is subcooled by heat exchange with 

35 the isentropically expanded heat pumping 
fluid minor portion entering from line 168 
for the above-described wanning of the 
latter. The other part of the second re- 
frigerant portion gas in line 141 is throttled 

40 by throttle valve 142 and joined with the 
subcooled liquid one part discharged from 
heat exchanger 172 in line 173, to form a 
heat pumping gas-liquid mixture in line 
174. The gas-tiquid mixture is throttled by 

45 valve 175 in line 174 to lower pressure 
and passed to heat exchanger 176 for warm- 
ing therein to form a first gaseous fraction 
and a first liquid fraction therefrom by heat 
exchange with a portion of the bottoms 

50 liquid recovered from the fractionation zone 
entering heat exchanger 176 in line 129. 
In the heat exchanger 176 the fractionation 
zone bottoms liquid recirculation portion is 
subcooled and discharged into line 131. In 

55 the heat exchanger the first gaseous fraction 
is separated from the first liquid fraction, 
with the first gaseous fraction being with- 
drawn in line 177 and the first liquid frac- 
tion being withdrawn in line 178. The separ- 

60 ated first liquid fraction in line 178 is then 
throttled by throttling valve 179 to still 
lower pressure and passed to heat exchanger 
113. In heat exchanger 113, the throttled 
liquid, is warmed to form a second gaseous 

65 fraction and a second liquid fraction there- 


from by heat exchange with the feed gas 
mixture flowed therethrough from line 112 
as part of the feed gas cooling for the system. 
The second gaseous fraction is separated from 
the second liquid fraction in the heat ex- 70 
changer 113, the second gaseous fraction 
being withdrawn therefrom in line 134. The 
separated second liquid fraction is passed in 
line 134 to the fractionation zone reflux con- 
denser 194 and vaporized therein by heat 75 
exchange with fractionation zone overhead 
vapor withdrawn from fractionation zone 
127 and passed to reflux condenser 194 in 
line 132. By this heat exchange the external 
refrigerant provides reflux cooling for the 80 
fractionation zone, as fractionation zone 
vapor is partially condensed to form a gas- 
liquid reflux mixture which is withdrawn 
from the condenser in line 196 and passed 
therein to the reflux phase separator 197. 85 
In the reflux phase separator, the cooled gas 
is separated from the condensed reflux 
liquid and discharged therefrom in line 152 
as recovered overhead gas from the frac- 
tionation zone. This recovered overhead gas 90 
is then passed through heat exchanger 111 
for warming thereof by heat exchange with 
the feed gas mixture entering heat exchanger 
111 in line 110 for partial cooling thereof. 
The warmed recovered overhead gas is then 95 
discharged from the process system in line 
153 as carbon monoxide product. Con- 
densed liquid in phase separator 197 is 
returned to the fractionation zone in line 
198 as reflux liquid therefor. 100 

From heat exchanger 194, the vaporized 
second liquid fraction of the external re- 
frigerant is withdrawn in line 195. The 
second gaseous fraction in line 171 is joined 
with the first gaseous fraction from line 177 105 
and the vaporized second liquid fraction 
from line 195. The resulting combined 
stream in line 171 is then joined with the 
isentropically expanded heat pumping fluid 
minor portion. HO 

The process embodiment shown in Fig. 2 
also employs the fractionation zone tempera- 
ture control system by which the quantity 
of heat transferred by the heat pumping 
fluid in the reboil coil 190 can be adjusted H5 
by manipulation of by-pass throttle valve 
142 thereby providing a means of changing 
the boil-up rate and bottoms temperature of 
the fractionation zone and hence the com- 
position of the overhead and under flow 120 
sterams recovered therefrom. Such partial 
by-pass of the fractionation zone reboil coil 
provides an effective means of adjusting 
carbon monoxide product purity and can be 
used in conjunction with, or as a substitute 125 
for, the adjustment of second absorption 
zone operating pressure for such purpose. 

The externally supplied heat pumping 
fluid for the Fig. 2 embodiment of the 
present invention most suitably comprises a 130 
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beat pumping fluid which has a normal 
boiling point of less than about — 178° G 
Examples of such suitable heat pumping 
fluids include those comprising a substan- 
5 tially pure component selected from the 
group consisting of helium, argon, carbon 
monoxide, nitrogen, deuterium, air, oxygen 
and fluorine. Among the foregoing group of 
pure component fluids, nitrogen is particu- 

10 larly preferred in practice. 

Fig. 3 is a schematic flowsheet of the 
cooling complex 191 for partial cooling of 
the feed gas mixture in the Fig. 2 process 
system. In the Fig. "2 system, the feed gas 

15 mixture is first partially cooled in heat 
exchangers 122, 111 and 113 to condense a 
first feed liquid fraction therefrom. This 
partially condensed feed gas stream is with- 
drawn from heat exchanger 114 and passed 

20 into the cooling complex 191 shown in Fig. 
3 to phase separator 200 therein. In the 
phase separator the first feed liquid fraction 
is separated from the uncondensed first 
partial cooled feed gas mixture, with the 

25 separated uncondensed first cooled feed gas 
mixture being withdrawn from separator 200 
in line 202 and the first feed liquid fraction 
being withdrawn therefrom in line 201. The 
uncondensed first partial cooled feed gas 

30 mixture in line 202 is passed through heat 
exchanger 203 for second partial cooling 
thereof to condense a second feed liquid 
fraction therefrom and passed to phase 
separator 204. In phase separator 204 the 

35 second feed liquid fraction is separated from 
the uncondensed second partial cooled feed 
gas mixture. The latter is withdrawn from 
the separator in line 192 and passed to the 
first absorption zone as the cooled feed gas 

40 mixture therefor. 

The separated second feed liquid fraction 
is withdrawn from phase separator 204 in 
line 205 and throttled by throttle valve 
206 to the pressure level of the fractionation 

45 zone. The throttled second feed liquid frac- 
tion is then joined with the first feed liquid 
fraction, the latter also being throttled to the 
operating pressure level of the fractionation 
zone by throttle valve 207 in line 201. 

50 The resulting combined feed liquid formed 
in line 208 is then warmed for partial vapori- 
zation thereof in heat exchanger 203 by heat 
exchange with the uncondensed first partial 
cooled feed gas mixture entering heat ex- 

55 changer 203 in line 202, for the second 
partial cooling of the latter. 

The partially vaporized combined feed 
liquid is then passed in line 208a to phase 
separator 209 wherein the vapor portion 

60 thereof is separated from the liquid portion 
thereof. The separated vapor portion is 
withdrawn from the phase separator in line 
199 and recycled to the inlet end of the 
process for joining with the introduced feed 

65 gas mixture in line 110. The separated liquid 


portion, comprising substantially pure 
carbon monoxide, is discharged from phase 
separator 209 in line 193 and passed to the 
fractionation zone for enhancement of the 
purity of carbon monoxide in the overhead 70 
gas recovered therefrom. 

The cooling complex described is desir- 
ably employed when the feed gas mixture 
introduced to the separation process con- 
tains a high concentration of carbon mon- 75 
oxide, as for example at least 15 mol % 
carbon monoxide in the uncondensed first 
partial cooled feed gas mixture, i.e., the vapor 
phase of the feed gas mixture in line 114. 
The reason for the desirability of employing 80 
the above-described cooling complex under 
such feed gas conditions is that in the 
separation of feed with high carbon mon- 
oxide content, the temperature effects 
encountered in the absorption zone due to 85 
the heat of solution of carbon monoxide 
may be excessive, thereby causing an in- 
crease of the partial pressure of carbon 
monoxide and methane in the first absorp- 
tion zone and the recovery of a hydrogen 90 
overhead product therefrom with relatively 
high carbon monoxide and methane content. 

Due to the foregoing heat effects in the 
first absorption zone when the process is 
employed to process feed gas mixtures con- 95 
taining high concentrations of carbon mon- 
oxide, it may also be desirable when the 
feed gas mixture contains at least 30 mol % 
carbon monoxide to provide internal cool- 
ing in the first absorption zone, as for ex- 100 
ample by intercooling between the successive 
plates of a multi-plate column absorption 
zone wherein the liquid overflow from a 
plate is cooled before its introduction to the 
next lower plate. Internal cooling thus pro- 105 
vides removal of the heat of solution of 
carbon monoxide in the methane was liquid, 
as generated in the contacting of the cooled 
feed gas mixture with the methane liquid 
therein. 110 

In the process of this invention, the feed 
gas mixture is desirably cooled to a tem- 
perature at least -150°C (123°K). Such 
temperature constraint includes cooling 
effected by internal cooling of the feed gas 115 
mixture in the first absorption zone and is 
imposed to realize maximum separation 
efficiency in the absorption and fractionation 
zones so as to achieve high purity and high 
recovery levels for the recovered hydrogen 120 
and carbon monoxide product streams. 

Fig. 4 shows an embodiment of the present 
invention utilizing internal refrigeration in 
the first absorption zone which is particu- 
larly suitable for separation of feed gas 125 
mixtures which are introduced into the pro- 
cess system at comparatively high pressure 
levels, as for example, at least 200 psia. 
In this embodiment, the feed gas mixture 
enters the process in line 210 and is par- 130 
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tially cooled in heat exchanger 211 to con- 
dense a feed liquid fraction therefrom. The 
partially cooled and condensed feed gas mix- 
ture is passed from heat exchanger 211 in 
5 line 212 to phase separator 291 . In the phase 
separator, the feed liquid fraction is separ- 
ated from the uncondensed partial cooled 
feed gas mixture. The latter is withdrawn 
from the phase separator in line 292 and 
10 work expanded in expander 294 to lower 
pressure for cooling thereof as the final part 
of the cooling feed gas mixture, which is 
then passed to the first absorption zone 215 
in line*214. 

15 Hie separated feed liquid fraction is with- 
drawn from phase separator 291 in line 293 
and joined with the bottoms liquid re- 
covered from the absorption zont in line 
216 which has been throttled by throttle 

20 valve 217 for introduction therewith to the 
upper section 218 of second absorption zone 
219. Overhead hydrogen gas is recovered 
from the first absorption zone 215 in line 
248, warmed against the feed gas mixture in 

25 heat exchanger 211 and discharged from 
the process system in line 249. In like manner 
the residual hydrogen gas recovered as over- 
head from the second absorption zone 219 
in line 288 is warmed against the feed gas 

30 mixture in heat exchanger 211 and dis- 
charged from the process system in line 289. 

From the second absorption zone 219, the 
bottoms liquid formed in the lower end 220 
thereof is withdrawn in line 221 and partially 

35 vaporized in heat exchanger 222 to vaporize 
a gaseous fraction of the bottoms liquid 
containing hydrogen and carbon monoxide. 
It is to be noted that in the process of the 
present .invention hydrogen is not stripped 

40 or depleted in the second absorption zone, 
but rather is removed in the vaporization 
warming step. The second absorption zone 
thus functions to remove carbon monoxide 
from the hydrogen rich vapor so that the 

45 vapor is depleted in carbon monoxide as 
the vapor ascends through the second 
absorption zone in the contacting step 
therein. 

The gaseous fraction of the partially 

50 vaporized bottoms liquid from heat exchanger 
222 is separated from the warmed bottoms 
liquid in separator 223 and recirculated to 
the second absorption zone in line 224 as 
the hydrogen rich vapor therefor. The 

55 warmed bottoms liquid is withdrawn in 
line 225 and is introduced to the fractiona- 
tion 227. The bottoms liquid recovered from 
the fractionation zone in line 228 is cooled 
in heat exchanger 222 by passage in counter- 

60 current flow heat exchange relationship 
with the bottoms liquid withdrawn from the 
second absorption zone, and a portion of 
the liquid thereafter is recirculated to the 
absorption zone 215 in line 229 as the 

65 methane wash liquid therefor. 


The overhead gas comprising carbon mon- 
oxide recovered from the fractionation zone 
in line 232 is wanned in heat exchanger 
211, flowed through line 312 and joined with 
the recycle stream in line 311 to provide the 70 
combined stream in line 313. The combined 
stream is compressed in compressor 256 
and chilled in water chiller' 257. A portion 
of the compressed and chilled gas is with- 
drawn as carbon monoxide product in line 75 
259, and the remainder is passed in line 260 
to heat exchanger 309 for cooling therein 
and discharged to line 31CL From line 310, 
compressed and cooled gas is divided into a 
minor portion for isentropic expansion in 80 
line 303 and a major heat pumping fluid 
portion in line 302. The minor portion is 
isentropically expanded in turbine 304 and 
discharged to line 305, warmed in heat 
exchanger 306, flowed through hne 308 to 85 
heat exchanger 309 for further warming 
therein, and finally passed on line 311 to 
compressor inlet line 313. The major heat 
pumping fluid portion in line 302 is passed 
to the fractionation zone reboil coil 290. In 90 
the reboil coil the carbon monoxide heat 
pumping stream is cooled and condensed, 
and the resulting heat pumping liquid is 
flowed in line 307 to heat exchanger 306 for 
cooling therein and from heat exchanger 95 
306 is passed in line 239 to the inlet cooling 
manifold 239a for the absorption zone 215, 
being throttled in line 239 by throttling valve 
320. From the inlet cooling manifold, the 
carbon monoxide heat pumping fluid is 100 
passed through the cooling coils 239b, 239c 
and 239d disposed in the absorption zone, to 
provide internal cooling therefor, and is re- 
turned to the outlet cooling, manifold 234a. 
From the outlet cooling manifold, the 105 
warmed carbon monoxide liquid is passed 
through line 234, throttled by throttling 
valve 235 therein and introduced to the 
fractionation zone 227 at the upper end 
thereof as reflux liquid to provide reflux 110 
cooling for the fractionation zone 

Fig. 5 is a graph of hydrogen contamin- 
ant concentration in the carbon monoxide 
product plotted against operating pressure 
of the residual hydrogen removal zone inter- 115 
posed between the absorption and fractiona- 
tion zones, for a prior art process (curve A) 
employing an equilibrium flash separation 
as the interposed zone and for a process 
according to the present invention (curve B) 120 
wherein second absorption and counter- 
current heat exchange partial vaporization 
steps are employed. The graph is based on 
the respective process systems operating 
with a fractionation zone overhead pressure 125 
of 20 psia, with a feed gas mixture pressure 
of 200 psia and a molar feed composition 
of 79.8% hydrogen, 15.8% carbon mon- 
oxide. 4.2% methane and 0.2% nitrogen. 
Fig. 5 shows that the process of this inven- 130 
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tion is capable of providing carbon mon- 
oxide product of substantially higher purity, 
i.e., smaller contaminant hydrogen concen- 
trations than the prior art process. For the 
5 above described feed gas mixture the prior 
art process is only capable of delivering 
carbon monoxide with 3400 ppra hydrogen 
when the equilibrium liquid-vapor separator 
is operated at a minimum pressure of 20 
10 psia, and at a residual hydrogen removal 
zone pressure of 30 psia, the prior art pro- 
cess delivers carbon monoxide product with 
approximately 7000 ppm hydrogen, where- 
as the process of this invention at the same 
15 operating pressure in the second absorption 
zone yields product containing only about 
1000 p.p.m. hydrogen contaminant. 

Fig. 6 is a graph of carbon monoxide 
product recovery plotted against hydrogen 
20 contaminant concentration in the carbon 
monoxide product, for a prior art process 
employing an equilibrium flash separation 
zone interposed between the absorption and 
fractionation zone (curve 0) and for a pro- 
25 cess according to the present invention 
(curves M and N). Curve M represents a 
process embodiment employing a second 
absorption zone comprising 3 theoretical 
equilibrium stages, and curve N represents 
30 a second absorption zone comprising 2 
theoretical equilibrium stages. Fig. 6 shows 
that a significant improvement in recovery 
of carbon monoxide is obtained by the pro- 
cess of this invention relative to the prior 
35 art process, i.e., recoveries of greater than 
96% at product purity levels of less than 
2000 p.p.m. hydrogen contaminant are 
attainable in the practice of the present 
invention. By contrast the recovery ob- 
40 tained with the prior art process deteriorates 
rapidly with product purities of less than 
5000 p.p.m. hydrogen, with a recovery of 
only 89%, at the limiting equilibrium flash 
separation zone operating pressure condition 
45 of 20 psia. corresponding to point Y on 
Curve O. 

Although preferred embodiments have 
been described in detail, it will be further 
appreciated that other embodiments are 
50 contemplated only with modification of the 
disclosure features, as being within the scope 
of the invention. 

WHAT WE CLAIM IS: — 
55 1. A process for the separation of a 
feed gas mixture containing hydrogen, 
carbon monoxide and methane comprising 
the steps of: 

(a) cooling the feed gas mixture; 
60 (b) countercurrently contacting the 
cooled feed gas mixture with a methane 
wash liquid in a first absorption zone 
comprising a multiplicity of liquid-vapour 
contacting stages, to recover hydrogen 
65 gas as overhead and a bottoms liquid 


comprising methane, carbon monoxide 

(c) throttling the bottoms liquid from 
the first absorption zone to lower pressure; 
and residual hydrogen; 

(d) countercurrently contacting the 70 
throttled bottoms liquid with hydrogen 
rich vapor in a second absorption zone 
comprising a multiplicity of liquid-vapour 
contacting stages, for absorption of 
carbon monoxide from the hydrogen rich 75 
vapor by the throttled bottoms liquid 
therein to recover residual hydrogen gas 

as overhead and a bottoms liquid enriched 
in carbon monoxide, and warming the 
second absorption zone bottoms liquid to 80 
vaporize a gaseous fraction therefrom 
containing hydrogen and carbon mon- 
oxide for use as said hydrogen rich vapor 
for said second absorption zone; 

(e) fractionating the warmed bottoms 85 
liquid recovered from said second absorp- 
tion zone in a fractionation zone to re- 
cover overhead gas comprising carbon 
monoxide and a bottoms liquid compris- 
ing methane; and 9® 

(f) recirculating at least part of the 
bottoms liquid recovered from the frac- 
tionation zone to the first absorption zone 
as the methane wash liquid therefor. 

2. A process as claimed in claim 1 95 
wherein the vaporization warming of said 
second absorption zone bottoms liquid is 
conducted internally in said second absorp- 
tion zone by indirect heat exchange of said 
bottoms liquid with an in-process fluid 100 
stream. 

3. A process as claimed in claim 1 
wherein bottoms liquid is withdrawn from 
the second absorption zone for said warm- 
ing in step (d) to vaporize a gaseous 105 
fraction therefrom containing hydrogen and 
carbon monoxide, the vaporized gaseous 
fraction is separated from the warmed 
bottoms liquid and the vaporized gaseous 
fraction is passed to the second absorption 110 
zone as the hydrogen rich vapor therefor, 
with the warming being conducted so as to 
maintain a temperature gradient in the field 
being warmed, from the initial part of the 
warming to the final part thereof. 115 

4. A process as claimed in claim 3 
wherein the bottoms liquid recovered from 
the fractionation zone is heat exchanged 
with the bottoms liquid withdrawn from the 
second absorption zone for the vaporization 120 
warming of the latter in step (d) and cool- 
ing of the fractionation zone bottoms liquid, 
the cooled fractionation zone bottoms liquid 

is pumped to higher pressure and a portion 
thereof is further cooled, with the further 125 
cooled portion being passed to the first 
absorotion zone as the methane wash liquid 
therefor and the remaining portion of the 
cooled pumped fractionation zone bottoms 
liquids being warmed and vaporized by heat 130 
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exchange with the feed gas mixture as at 
least part of the cooling of step (a) to form 
product methane gas. 

5. A process as claimed in any one of 
5 the preceding claims, wherein the feed gas 

mixture contains 50 to 70 mol % hydrogen, 
15 to 45 mol % carbon monoxide, and 2 
to 6 mol % methane. 

6. A process as claimed in any one of 
10 the preceding claims, wherein the second 

absorption zone comprises between two and 
five theoretical separation stages. 

7. A process as claimed in any one of 
the preceding claims, wherein the residual 

15 hydrogen overhead gas recovered from the 
second absorption zone is warmed by heat 
exchange with the feed gas mixture as at 
least part of the cooling of step (a). 

8. A process as claimed in any one of 
20 the preceding claims, wherein the overhead 

hydrogen gas recovered from the first 
absorption zone is wanned by heat ex^- 
change with the feed gas mixture as at least 
part of the cooling of step (a). 

25 9. A process as claimed in claim 8 
wherein the overhead hydrogen gas warmed 
by heat exchange with the feed gas mixture 
is further warmed to about ambient tem- 
perature and withdrawn as product hydro- 

30 gen gas. 

10. A process as claimed in any one of 
the preceding claims wherein a part of the 
carbon monoxide overhead gas recovered 
from the fractionation zone is warmed by 

35 heat exchange with the feed gas mixture as 
at least part of the cooling of step (a). 

11. A process as claimed in any one of 
jthe preceding claims comprising the further 
steps of: sensing the flow rate of the feed 

40 gas mixture introduced to the first absorp- 
tion zone; converting the feed gas flow rate 
sensing into a transmittable signal; and 
adjusting the flow rate of the methane wash 
liquid recirculated to the first absorption 

45 zone by means of the transmittable signal 
to maintain a predetermined ratio of the 
flow rate of the recirculated methane wash 
liquid to the flow rate of the feed gas mix- 
ture introduced to the first absorption zone. 

50 12. A process as claimed in claim 1 
comprising the steps of: first partial cool- 
ing the feed gas mixture as part of the 
cooling in step (a) to condense a first feed 
liquid fraction therefrom; separating the 

55 first feed liquid fraction from the uncon- 
densed first partial cooled feed gas mixture; 
throttling the separated first feed liquid 
fraction to the pressure level of the frac- 
tionation zone; second partial cooling the 

60 uncondensed first partial cooled feed gas 
mixture as a further part of the cooling in 
step (a) to condense a second feed liquid 
fraction from the uncondensed second par- 
tial cooled feed gas mixture and passing 

65 the latter to the first absorption zone as 


the cooled feed gas mixture of step (b); 
throttling the separated second feed liquid 
fraction to the pressure level of the frac- 
tionation zone, joining the throttled second 
feed liquid fraction with the throttled first 70 
feed liquid fraction to form a combined 
feed liquid; warming the combined feed 
liquid for partial vaporization thereof by 
heat exchange with the uncondensed first 
partial cooled feed gas mixture for the 75 
second partial cooling of the latter; separ- 
ating the vapor portion of the partially 
vaporized combined feed liquid from the 
liquid portion thereof, joining the separated 
vapor portion with the feed gas mixture in 80 
step (a) and passing the separated liquid 
portion, comprising substantially pure 
carbon monoxide, to the fractionation zone 
in step (e) for enhancement of the purity 
of carbon monoxide in the overhead gas 85 
recovered therefrom. 

13. A process as claimed in claim 12 
wherein the uncondensed first partial cooled 
feed gas mixture contains at least 15 mol % 
carbon monoxide. 90 

14. A process as claimed in any one of 
the preceding claims, wherein the feed gas 
mixture contains at least 30 mol % carbon 
monoxide and the first absorption zone is 
internally cooled for removal of the heat 95 
of solution of carbon monoxide in the 
methane wash liquid generated in the con- 
tacting of the cooled feed gas mixture with 
the methane liquid therein. 

15. A process as claimed in any one of 100 
the preceding claims, wherein a portion of 
the overhead gas recovered from the frac- 
tionation zone is circulated in a heat pump- 
ing circuit to provide cooling of the bottoms 
liquid recovered from the fractionation zone 105 
recirculated to the first absorption zone as 
the methane wash liquid therefor, at least 
part of the cooling of the feed gas mixture 

in step (a) and reflux cooling for the frac- 
tionation zone. HQ 

16. A process as claimed in claim 15 
wherein overhead gas in the heat pumping 
circuit is heat exchanged with fractionation 
zone bottoms liquid for vaporization of the 
latter to provide reboil vapor for the frac- H5 
donation zone and cooling of the heat ex- 
changed overhead gas. 

17. A process as claimed in any one of 
claims 1 to 14, wherein a portion of the over- 
head gas recovered from the fractionation 120 
zone is warmed by heat exchange with the 
feed gas mixture as at least part of the 
cooling of step (a), compressed to higher 
pressure and withdrawn as carbon monoxide 
product. 125 

18. A process as claimed in claim 1 
comprising the further steps of: dividing 
the overhead gas recovered from the frac- 
tionation zone into two portions comprising 

a first portion and a second portion; heat 13° 
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exchanging the second portion of the over- 
head gas recovered from the fractionation 
zone for warming thereof with the feed gas 
mixture as at least part of the cooling of the 
5 latter in step (a); compressing the heat 
exchanged overhead gas second portion to 
higher pressure and withdrawing a part 
thereof as carbon monoxide product gas; 
cooling the remaining part of the com- 

10 pressed overhead gas portion and dividing 
same into a minor portion for isentropic 
expansion and a major heat pumping fluid 
portion; isentropically expanding the minor 
portion and joining the isentropically ex- 

15 parided minor portion with the first portion 
of the overhead gas recovered from the 
fractionation zone to form a recycle minor 
part gas; warming the recycle minor part 
gas and joining same with the heat ex- 

20 changed overhead gas second portion for 
compression therewith; dividing the major 
heat pumping fluid portion into two parts, 
cooling one part for condensation thereof to 
form cooled liquid by heat exchange with 

25 fractionation zone bottoms liquid for 
vaporization of the latter to provide reboil 
vapor for the fractionation zone, further 
cooling the cooled liquid one part by heat 
exchange with the recycle minor part gas for 

30 the warming of the latter, throttling the other 
part of the major heat pumping fluid por- 
tion to lower pressure and joining the sub- 
cooled liquid one part with the throttled 
other part to form a heat pumping gas- 

35 liquid mixture; throttling the heat pump- 
ing gas-liquid mixture to lower pressure an4 
warming same to form a first gaseous frac- 
tion and a first liquid fraction therefrom by 
heat exchange with a portion of the bottoms 

40 liquid recovered from the fractionation zone 
being recirculated to the first absorption 
zone as the methane wash liquid therefor, 
for further cooling of the latter, separating 
the first gaseous fraction of the heat pump- 

45 ing gas-liquid mixture from the first liquid 
fraction thereof; throttling the separated first 
liquid fraction of the heat pumping gas- 
liquid mixture to still lower pressure and 
warming same to form a second gaseous 

50 fraction and a second liquid fraction there- 
from by heat exchange with the feed gas 
mixture as at least part of the cooling in 
step (a); separating the second gaseous 
fraction of the heat pumping gas-liquid 

55 mixture first liquid fraction from the second 
liquid fraction thereof; heat exchanging the 
separated second liquid fraction with frac- 
tionation zone overhead to provide reflux 
cooling for the fractionation zone; and join- 

^0 ing the second gaseous fraction and the first 
gaseous fraction with the recycle minor part 
gas. 

19. A process as claimed in claim 18 
wherein the feed gas mixture is heat ex- 
65 changed with the bottoms liquid recovered 


from the fractionation zone for cooling of 
the latter prior to the further cooling of a 
portion thereof by heat exchange with the 
throttled lower pressure heat pumping gas- 
liquid mixture, as a part of the cooling of 70 
the feed gas mixture in step (a). 

20. A process as claimed in claim 18 
or 19 comprising the further steps of : sens- 
ing the temperature of the fractionation 
zone at a point in the lower section thereof; 75 
converting the fractionation zone tempera- 
ture sensing into a transmittal signal; and 
adjusting the fraction of the major beat 
pumping fluid portion which is divided as .. 
the other part thereof by means of the trans- 80 
mittable signal to maintain a predetermined 
temperature in the fractionation zone lower 
section. 

21. A process as claimed in claim 1 
wherein an externally supplied heat pumping 85 
fluid is circulated in a closed loop heat 
pumping circuit to provide heat pumping 
for tie process, comprising the further steps 
of: compressing the heat pumping fluid, 
cooling the compressed heat pumping fluid 90 
and dividing same into a minor portion for 
isentropic expansion and a major heat 
pumping fluid portion; isentropically ex- 
panding the heat pumping fluid minor por- 
tion, warming the isentropically expanded 95 
heat pumping fluid minor portion and join- 
ing same with the heat pumping fluid for 
compression therewith, dividing the major 
heat pumping fluid portion of the com- 
pressed heat pumping fluid into two parts, 100 
cooling one part for condensation thereof 

to form cooled liquid by heat exchange 
with fractionation zone bottoms liquid for 
vaporization of the latter to provide rebpil 
vapor for the fractionation zone, further 105 
cooling the cooled liquid one part by heat 
exchange with the isentropically expanded 
heat pumping fluid minor portion for the 
warming of the latter, throttling the other 
part of the major heat pumping fluid to HO 
lower pressure and joining the subcooled 
liquid one part with the throttled other* part 
to form a heat pumping gas-liquid mixture; 
throttling the heat pumping gas-liquid mix- 
ture to lower pressure and warming same 115 
to form a first gaseous fraction and a first 
liquid fraction therefrom by heat exchange 
with a portion of the bottoms liquid re- 
covered from the fractionation zone being 
recirculated to the first absorption zone as 120 
the methane wash liquid therefor, for sub- 
cooling of the latter; separating the first 
gaseous fraction of the heat pumping gas- 
liquid mixture from the first liquid fraction 
thereof; throttling the separated first liquid 125 
fraction of the heat pumping gas-liquid 
mixture to still lower pressure and warming 
same to form a second gaseous fraction 
and a second liquid fraction therefrom by 
heat exchange with the feed gas mixture as 130 
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at least part of the cooling in step (a); 
separating the second gaseous fraction of 
the heat pumping gas-liquid mixture first 
liquid fraction from the second liquid frac- 
5 tion thereof ; heat exchanging the separated 
second liquid fraction for vaporization 
thereof with fractionation zone overhead to 
provide reflux cooling for the fractionation 
zone; and joining the vaporized second 
10 liquid fraction, the second gaseous fraction 
and the first gaseous fraction with the 
isentropically expanded heat pumping fluid 
minor* portion. 

22. A process as claimed in claim 21 
15 wherein the heat pumping fluid has a normal 

boiling point of less than about — 178°G 

23. A process as claimed in claim 21 
wherein the externally supplied heat pump- 
ing fluid comprises a substantially pure com- 

20 ponent selected from helium, argon, carbon 
monoxide, nitrogen, deuterium, air, oxygen, 
and fluorine. 

24. A process as claimed in claim 21 
wherein the externally supplied heat pump- 

25 ing fluid is nitrogen. 

25. A process as claimed in claim 1 
wherein the feed fas mixture is provided at 
a pressure of at least 200 psia comprising 
the steps of: partial cooling the feed gas 

30 mixture as part of the cooling in step (a) to 
condense a feed liquid fraction therefrom; 
separating the feed liquid fraction from the 
uncondensed partial cooled feed gas mix- 
ture; joining the separated feed liquid frac- 

35 tion with the throttled first absorption zone 
bottoms liquid for introduction therewith to 
the second absorption zone in step (d); and 


work expanding the separated uncondensed 
partial cooled feed gas mixture to lower 
pressure for cooling thereof as a final part 40 
of the cooling of the feed gas mixture in 
step (a). 

26. A process as claimed in any one of 
the preceding claims, wherein the bottoms 
liquid recovered from the fractionation zone 45 
is passed in countercurrent flow heat ex- 
change relationship with the bottoms liquid 
withdrawn from the second adsorption zone 

in the vaporization warming of the latter in 
step (e). * 50 

27. A process for the separation of a 
feed gas mixture as claimed in claim I sub- 
stantially as hereinbefore described with 
reference to Fig. 1 of the accompanying 
drawings. 55 

28. A process for the separation of a 
fede gas mixture as claimed in claim 1 sub- 
stantially as hereinbefore described with 
reference to Figs. 2 and 3 of the accompany- 
ing drawings. 60 

29. A process for the separation of a 
feed gas mixture as claimed in claim 1 sub- 
stantially as hereinbefore described with 
reference to Fig. 4 of the accompanying 
drawings. 65 

30. Hydrogen, carbon monoxide or 
methane whenever separated by a process 
as claimed in any one of claims 1 to 29. 
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